A windowless deuterium gas target has been constructed for either monoenergetic or white neutron production with a 900 keY deuteron accelerator. The target is capable of operation at 100 mbar target pressure, and can admit a beam of 5 mm transverse extent. This target is further being modified by the inclusion of an intermittent valve arrangement to reduce the flow rates in the higher pressure stages. This valve should allow operation at up to 1000 mbar with low duty factor beams.
INTRODUCTION
Neutrons make a valuable probe for use in bulk materials analysis as well as for nondestructive 2 Some methods of analysis require monoenergetic neutrons, while others simply require thermal neutrons. There are many source reactions that produce monoenergetic neutrons,3 which can then be thermalized if desired. One such reaction is the D(d,n)3He reaction, which has a positive Q-value of 3.28 MeV. If used with a thin target, this reaction produces neutrons that are kinematically collimated. A windowless gas target for neutron production with low energy particle beams will allow beam currents higher than will a solid or windowed target, and thus will allow greater neutron yield. The primary characteristic of such a target is that there is a pressure change from the target to the accelerator covering several orders of magnitude. This pressure difference is supported by one or more stages of differential pumping through apertures with very small gas conductances.
We are examining a differentially pumped target system with three pumping stages for use with a 900 keY deuteron accelerator that produces a 6 mA (peak) beam with a duty factor of 2%. The beam admitted into the deuterium target has a "waist" of approximately 5-7 mm maximum width over a length of 400 mm. The target pressure is in the range 100-1000 mbar. We are conducting experiments to demonstrate the viability of a differentially pumped target system with a deuterium target pressure of greater than 150 mbar, for use with a beam of 5 mm footprint.
MEASUREMENTS FOR A STATIC TARGET
We have constructed the gas target system schematically shown in Figure 1 . The system includes three vacuum pumpsa Balzers WKP 1000 roots blower (as part of a WOD 900 B pumping unit), a Balzers TMU 260 turbopump, and a Balzers TMU 520 turbopump. The pressure drops across the various apertures in this system have been measured for various aperture dimensions with a Balzers IKR 050 cold cathode gauge, a Balzers TPR 010 Pirani gauge, and a Wallace & Tiernan FA 223 Bourdon gauge. The pressures predicted for this target system for a target pressure of 200 mbar appear in Table 1 .
The pressure drop supported across various apertures by the WKP 1000 blower appears in Figure 2 , and is compared to the pressure drop predicted for viscous, turbulent, blocked flow through such apertures. The calculations were done for deuterium, although the numbers are identical for helium. All experiments were performed with helium. Similarly, the pressure drop supported by the TMU 260 turbopump appears in Figure 3 , compared to the predictions based upon viscous, laminar, blocked flow. It is worth noting that the TMU 260 turbopump was unable to continue operation at inlet pressures greater than 0.05 mbar. This prevents operation with the first pumping stage pressure greater than 4 mbar, and thus the target pressure is limited to 100 mbar. Finally, the pressure supported by the TMU 520 turbopump appears in Figure 4 compared to predictions based on Knudsen flow. With the second pumping stage operating at 0.03 mbar, the third pumping stage maintains a pressure of approximately 2.0 x i0 mbar, which is low enough to prevent problematic gas fluxes into the accelerator system, as well as avoiding any difficulties with neutralization of the beam. Within the second pumping stage the space charge of the beam is advantageous, as it lengthens the waist of the beam. The pressures measured in this gas target appear in the third column of Table 1. 
PREDICTIONS FOR A PULSED TARGET
As detailed in the previous section, operation of the gas target at target pressures greater than 100 mbar is problematic, due to limits on the intake pressure ofthe second stage turbopump. If one considers the definition of a differentially pumped target, one observes that the conductance of any given aperture can be reduced by blocking that aperture for that portion of the time during which the beam is not being injected into the target. Thus, for a low duty factor system, the performance of the gas target can be enhanced by intermittently blocking the differentially pumped apertures.
We have constructed a rotating disk valve to be placed within the first pumping stage of the gas target system. This valve will block both the first and second apertures (that is, the one leading from the target to the first pumping stage, and the one leading from the first pumping stage to the second pumping stage) for 97% of the time. Preliminary measurements indicate that the gas flow through each aperture will be reduced by approximately a factor of ten, including the effect of leakage around the imperfectly sealed aperture. Reducing the flow rates through the first and second apertures by this factor of ten, and keeping the pressure in the first pumping stage constant at 3.0 mbar, we then predict a target system with the pressures shown in the fourth column of Table 1 . 
CONCLUSIONS
We have constructed a windowless deuterium gas target system that can operate at 100 mbar target pressure, and can admit a continuous beam of 5 mm transverse extent. An upgrade to this target is in progress which should allow it to operate at 1000 mbar target pressure. This upgrade relies on rotating disk valves to reduce the gas flow between differentially pumped stages. These valves limit the duty factor of the beam to a value of 2-3%. We are continuing measurements of the efficacy of these valves for different apertures in different pressure ranges. 
